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Inorganic-N fertilizer is the most widely used input in agriculture and it is a 
major factor that limits crop growth and yield. However, excessive use of 
inorganic nitrogenous fertilizer could lead to hazardous effect to the agro-
environment. Besides that, it would also increase total production cost of the 
agricultural sector especially in the oil palm industry, the largest income 
generator to Malaysian agricultural economy. Rapid losses of fertilizer-N 
through leaching would further increase the cost on oil palm production and 
make the sector less profitable. In recent times, there is an increased 
attention to biological nitrogen fixation (BNF) as an alternative or supplement 
to nitrogenous fertilizers through application of associative N2-fixing 
rhizobacteria which could be applied to oil palm. These beneficial plant 
growth promoting rhizobacteria (PGPR) have been reported to be efficient in 
fixing atmospheric nitrogen and stimulating growth of leguminous and non-
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leguminous crops. Thus, it could be used as a biofertilizer and bioenhancer 
for most crops. However, there has been no report on the beneficial effect of 
PGPR on early growth of young oil palms under field conditions. A field trial 
using 15N isotope was conducted to estimate the N2 fixing capacity of a 
single strain N2-fixing rhizobacterium, Bacillus sphaericus UPMB-10, and 
assess its effects on early growth of young oil palms. Results from a 240-day 
(D240) field experiment indicated that the Bacillus sphaericus rhizobacterial 
strain UPMB-10 is a potential biofertilizer for oil palm seedlings with a N2 
fixing capacity of 63% Ndfa (N derived from atmosphere) (78 g N2 fixed 
palm-1) of the total N requirement of young oil palms (equivalent to 12 kg N 
ha-1 at 148 palms ha-1) over 8 months. B. sphaericus UPMB-10 inoculation 
stimulated higher N content (125 g palm-1) as compared to the uninoculated 
control (90 g palm-1) and also promoted a total dry matter accumulation of 11 
kg palm-1 in comparison to the control, 8 kg palm-1. Present study also 
showed significant differences in two of the four physical parameters (leaflet 
numbers, rachis lengths, cross-sections of petioles and leaf area) of 
vegetative growth of young oil palm inoculated with strain UPMB-10 at D120. 
B. sphaericus UPMB-10 inoculation stimulated leaflet numbers and leaf area 
at 123.4 ± 2.5 and 1.57 ± 0.05 m2, respectively, as compared to 
Uninoculated + 2/3Ni palms at 115.6 ± 2.2 and 1.43 ± 0.05 m2, respectively, 
at D120. However, no significant response was observed at D240. Thus, the 
study showed that the significant total N2 fixed does not correlate 
significantly with physical parameters at the later stage (D240) of vegetative 
growth. This phenomenon is caused by unstable development of immature 
oil palm under field planting. This was also true for dry matter and Total-N 
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yield analyses at D240 which were not statistically significant although they 
showed incremental trends. The frond (leaflets plus rachis) of the young oil 
palm is the most likely vegetative component to be adopted as 
representative of the whole palm for future N2 fixation studies based on the 
% Ndfa values of the frond (70%) and whole palm (63%) which did not 
deviate significantly. This new approach will make such field studies more 
cost effective and time saving. B. sphaericus UPMB-10 inoculation is more 
effective in delivering N to the immature palms than nitrogenous fertilizer. 
The reduction (63%) in inorganic-N fertilizer rates due to the incorporation of 
the inoculum and the resultant N2 fixation could subsequently reduce the 
cost of nitrogenous fertilizer. The above findings provided evidence that 
locally isolated B. sphaericus UPMB-10 has the potential to effectively 
supplement inorganic-N fertilizer for sustainable cultivation of young oil palm.  
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Baja N bukan organik merupakan input yang digunakan secara meluas 
dalam pertanian dan ia merupakan faktor utama mengekang pertumbuhan 
dan hasil tanaman. Walau bagaimanapun, penggunaan baja N bukan 
organik yang berlebihan akan memberi kesan yang memudaratkan kepada 
persekitaran alam pertanian. Di samping itu, ia juga meningkatkan jumlah 
kos pengeluaran sektor pertanian terutamanya dalam industri kelapa sawit, 
penyumbang terbesar kepada ekonomi pertanian Malaysia. Kehilangan baja 
N yang cepat menerusi larutlesap meningkatkan lagi kos pengeluaran 
minyak sawit menyebabkan sektor ini kurang menguntungkan. Pada masa 
kini, perhatian telah diberikan kepada pengikatan nitrogen biologi sebagai 
alternatif atau penambahan kepada baja-baja nitrogen menerusi aplikasi 
rhizobakteria assosiatif pengikat N2 yang boleh digunakan untuk kelapa 
sawit. Rhizobakteria penggalak pertumbuhan tanaman (PGPR) yang 
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berfaedah telah dilaporkan bertindak secara cekap dalam pengikatan 
nitrogen dari atmosfera dan menggalakkan pertumbuhan tanaman kekacang 
dan bukan kekacang. Justeru itu, ia boleh digunakan sebagai biobaja dan 
biopenggalak untuk kebanyakan tanaman. Walau bagaimanapun, tiada 
terdapat laporan kesan berfaedah PGPR ini ke atas pertumbuhan awal 
kelapa sawit muda di lapangan. Satu ujian lapangan menggunakan isotop 
15N dijalankan untuk menganggarkan kapasiti pengikatan N2 oleh satu strain 
rhizobakteria pengikat N2, Bacillus sphaericus UPMB-10, dan menilai kesan-
kesannya ke atas pertumbuhan awal kelapa sawit muda. Keputusan kajian 
lapangan pada hari ke-240 (D240) menunjukkan Bacillus sphaericus strain 
rhizobakteria UPMB-10 adalah biobaja berpotensi untuk anak benih kelapa 
sawit dengan kapasiti pengikatan N2 sebanyak 63% Ndfa (N dari atmosfera) 
(78 g N2 diikat pokok-1) daripada jumlah N yang diperlukan kelapa sawit 
muda (bersamaan 12 kg N ha-1 bagi 148 pokok ha-1) selama 8 bulan. 
Inokulasi B. sphaericus UPMB-10 merangsangkan kandungan N lebih tinggi 
(125 g pokok-1) berbanding dengan kawalan tanpa diinokulasi (90 g pokok-1) 
dan juga meningkatkan jumlah bahan kering kepada 11 kg pokok-1 
berbanding dengan kawalan pada 8 kg pokok-1. Kajian ini menunjukkan 
perbezaan yang bererti pada parameter-parameter fizikal (bilangan bilah 
daun, panjang rakis, keratan rentas petiol dan luas daun) pertumbuhan 
vegetatif kelapa sawit muda yang diinokulat dengan strain UPMB-10 pada 
D120. Inokulasi B. sphaericus UPMB-10 merangsang bilangan bilah daun 
dan luas daun masing-masing kepada 123.4 ± 2.5 dan 1.57 ± 0.05 m2 
berbanding pokok tak diinokulat + 2/3Ni pada 115.6 ± 2.2 dan 1.43 ± 0.05 m2 
pada D120. Walau bagaimanapun, tiada tindakbalas bererti pada 
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pemerhatian D240. Maka, kajian menunjukkan jumlah pengikatan N2 yang 
signifikan tidak menunjukkan hubungan yang bererti kepada paramater 
fizikal pertumbuhan vegetatif pada peringkat seterusnya (D240). Fenomena 
ini disebabkan oleh perkembangan pokok kelapa sawit belum matang yang 
masih tidak stabil di ladang. Hal ini juga terbukti pada analisis berat kering 
dan kandungan jumlah N pada D240 yang tidak bererti secara statistik, 
walaupun purata menunjukkan aliran meningkat. Pelepah daun (bilah daun 
dan rakis) kelapa sawit muda adalah komponen vegetatif yang sesuai untuk 
digunakan sebagai komponen yang setara dengan keseluruhan kelapa sawit 
untuk kajian pengikatan N2 pada masa depan, berasaskan kepada nilai % 
Ndfa pelepah daun (70%) dan keseluruhan pokok (63%) yang tidak tersisih 
secara bererti. Pendekatan baru ini akan membuatkan kajian lapangan lebih 
kos efektif dan menjimatkan masa. Kajian juga mendapati bahawa inokulasi 
B. sphaericus UPMB-10 adalah lebih efektif menyalurkan N kepada kelapa 
sawit muda berbanding N bukan organik. Pengurangan kadar baja N bukan 
organik (63%) kesan daripada inokulum dan hasil pengikatan N2 akan dapat 
mengurangkan kos baja nitrogen. Hasil daripada kajian menunjukkan 
bahawa isolat tempatan B. sphaericus UPMB-10 berpotensi untuk 
menampung baja N bukan organik secara efektif bagi kelestarian 
penanaman kelapa sawit.  
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CHAPTER 1 
 
INTRODUCTION 
 
Oil palm is the major agricultural crop in Malaysia with 4.17 million hectares 
planted by 2006 (Wahid, 2007), or about two-thirds the national agricultural 
area.  However, over the years, its profitability has been eroded by the rising 
cost of production. One of the major costs is the inorganic fertilizer input, of 
which nitrogen, the most used and the most expensive per unit weight, is the 
major component. At a typical recommended rate of 1.0 kg N/mature 
palm/year (Corley and Tinker, 2003) and an average urea (46% N) price of 
RM1,475/tonne (IRM, 2008), the cost to fertilize one hectare (148 palms) 
would be RM475 for the N-input alone, and this inorganic fertilizer cost is 
ever increasing. Another concern with mineral fertilization is the effect of its 
excessive application on the ecosystem and pollution of the ground water, 
and soil acidification. Therefore, any possible alternatives to N fertilization 
would be greatly welcomed. 
 
Associative biological nitrogen fixation (BNF) by bacteria (e.g. Azospirillum 
and Bacillus spp.) with non-leguminous crops is seriously being considered 
in attempts to develop sustainable agriculture. This low-input biotechnology 
can be exploited to promote environmentally friendly crop production (Barea 
et al., 2005). BNF can eliminate or, at least, reduce Ni fertilization and 
reduce the cost of crop production.  This would be especially attractive in the 
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tropics where there is a more urgent need to produce more food with more 
limited resources to do so (Cocking, 2000). 
 
The obvious question in Malaysia is to apply BNF to oil palm to make palm 
oil production more sustainable and environmentally friendly (Dobereiner 
and Baldani, 1998; Shamsuddin et al., 2000). Amir (2001) found that a 
locally isolated N2-fixing rhizobacterium, Bacillus sphaericus UPMB-10, 
promoted the growth of inoculated oil palm seedlings in vitro (laboratory and 
glasshouse). Similar evidence was also observed in the nursery (Amir et al., 
2005). However, no in vivo work has been reported, and such studies would 
be required for concrete evidence of N2 fixation (James, 2000) and real 
increase in growth or yield under field conditions. As a step forward, this 
study seeks to assess the effect of Bacillus sphaericus UPMB-10 inoculation 
on N2 fixation, N partitioning and dry matter production by young, immature 
oil palm (from field planting of seedlings until 30 months old) in the field. The 
specific objectives are to: 
 
1. Quantify the amount of N2 fixed by Bacillus sphaericus UPMB-10 
inoculated on young, immature oil palm.  
2. Assess the effect of Bacillus sphaericus UPMB-10 inoculation on 
the vegetative growth and dry matter production of the palms. 
 
  
CHAPTER 2 
 
LITERATURE REVIEW 
 
2.1 Oil Palm (Elaeis guineensis Jacq.) 
 
 
The oil palm belongs to the family Palmaceae and the genus Elaeis. There 
are two important species in the genus Elaeis - E. guineensis (Jacq.), the 
African oil palm and E. olifeira, the South American oil palm. By far the most 
important species economically is the former which, unless stated otherwise, 
will be the only one discussed hereinafter. The natural habitat of the oil palm 
is the humid tropics – a narrow belt from 10oN to 10oS straddling the equator 
and at low altitude (below 500 m). The optimum temperature is 22°C to 
32°C.  It requires a high rainfall of 1,800 – 2,500 mm but, more importantly, 
evenly distributed throughout the year with no marked and severe dry 
periods (Corley and Tinker, 2003).  
 
The plant is a monocotyledon of the Order Spadiciflorae with a single 
growing point from which fronds emerge in a regular sequence at a rate of 
20-26 a year. It is monoecious, generally requiring cross-pollination as it 
produces separate male and female inflorescences from axillary buds in 
alternate phases. The fruits (drupes) are borne in branches and consist of an 
orange-colored mesocarp which contains 'palm oil', a hard lignified shell 
(endocarp) and a white kernel containing 'kernel oil'. The number of fruits per 
bunch varies from 50 to 100 in the small bunches of young palms to 1000-
3000 in the larger bunches from older palms. Individual bunches weigh from 
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less than 1 kg to 20-50 kg. The economic life of oil palm is about 20-25 
years, above which it becomes too tall for harvesting (Corley and Tinker, 
2003).  
 
The oil palm seed requires three months to germinate and establish itself as 
a young seedling capable of nutrient absorption from the soil and 
photosynthesis. After three to four months, the base of the stem of seedling 
becomes a swollen ‘bulb’ and the first true primary roots emerge at an angle 
of 45° from it. These primary roots are thicker than the radicle. Secondary 
roots grow out in all directions. Subsequently, the leaves become 
successively larger and change in shape. The first few leaves are lanceolate 
with a midrib to half their lengths; two veins proceed from the end of this 
midrib to the tip of the leaf. In later leaves, a split appears between these 
veins and the leaf becomes bifurcate. This type of leaf is quickly followed by 
leaves in which splits divide the laminae between the veins into leaflets or 
pinnae, although the latter are still joined to one another at the apex. Then 
the leaflets become entirely detached, the tip of the leaflet being the last to 
become entirely unattached (Corley and Tinker, 2003). 
 
The main product is palm oil, which is expressed from the fruit mesocarp, 
palm kernel oil, expressed from the kernel (nut), and palm kernel cake, the 
residue of the kernel after oil expression. The two oils have different 
chemical compositions and, therefore, different chemical and physical 
characteristics, and are used in different applications. Palm oil mainly 
contains (saturated) palmitic acid and (monounsaturated) oleic acid, and is 
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